ABSTRACT. With the objective of evaluating the effect of reducing crude protein (CP) and L-glutamic acid supplementation, Dekalb Brown laying hens with 34 weeks of age. The birds were distributed in six treatments in a completely randomized design, eight replications of eight birds. The control diet contained 17% CP. The second and third treatments had CP reduced by 1.5 and 3.0 percentage points (pp) of CP in relation to the control diet, respectively. In the fourth treatment, was added the same amount of glutamate of the control diet (2.982%), and the last two treatments was added 1 and 2 pp of glutamate in relation to control diet (3.982 and 4.98%), respectively. The treatment with 15.17% CP + 0.341% L-glutamic acid (T4) promoted higher egg production, and the control diet showed greater egg weight than others treatments. There was no significant effect on the variables on quality of eggs. The T4 presented values of excreted nitrogen similar to the others treatments, with lower concentration of uric acid than the control diet and lower cost in the production. In conclusion, it is recommended the treatment with 15.17% CP + 0.341% L-glutamic acid for Brown laying hens with 34 weeks of age.
Introduction
Amino acid requirements of commercial layers have been extensively researched, because currently it is a common practice to calculate diets based on amino acid recommendations, ideal protein standard, amino acid digestibility and costs of feeding (Rocha et al., 2009 ). Incorrect diet formulations may cause deficiencies and/or excess depending on the variability of amino acid digestibility. As a measure to avoid this problem, researchers developed the concept of ideal protein, which implies providing nutrients in a balanced manner, using the exact balance of amino acids, in order to meet the requirements of all amino acids to maintenance and production (Furuya et al., 2005) .
According to Aftab et al. (2006) the use of synthetic amino acids could reduce crude protein by10% for each phase of creating poultry. However, Dean et al. (2006) , affirm that even with supplementation of essential amino acids, too much reduction of protein may lead to a situation where part of the essential amino acids is diverted to the synthesis of non-essential amino acids due to lack of non-specific nitrogen for this process, thus reducing body protein deposition and animal performance. L-glutamic acid is considered an efficient source of non-specific nitrogen, important for the maintenance of the intestinal mucosa, for being source of energy for the mucosa turnover, via the ATP produced from the Krebs cycle; is source of nitrogen for the synthesis of other amino acids and nitrogen compounds (Berres et al., 2010) . It regulates the nitric oxide synthesis in specific tissues like the brain and acts as precursor of glutathione, which is an important compound in the elimination of oxidants and modulation of immune response (Li et al., 2007) .
The effect of glutamate on the maintenance and improvement of intestinal quality is well described. In the intestine, this amino acid functions as oxidative fuel that has important role as an enhancer of intestinal function, promoting high turnover rate of intestinal mucosa cells (Burrin & Stoll, 2009 ). However, despite the great importance of this amino acid, only few studies have been conducted to evaluate its efficiency as a non-specific nitrogen source in diets for laying hens.
Material and methods
The experiment was conducted in the Poultry Sector of the Department of Animal Science of the Center for Agrarian Sciences of Federal University of Paraiba, Brazil, Campus II, located in the municipality of Areia, during 140 days divided in five 28-day periods.
Four layers were housed per cage (24 x 37 x 41 cm) equipped with gutter-type feeders and nipple drinkers. The lighting program adopted consisted of 17 hours of light (artificial plus natural) plus seven hours of darkness, using a timer to control the artificial light. Feed and water were supplied for ad libitum consumption throughout the experimental period.
A total of 384 Dekalb Brown layers from 34 to 54 weeks of age were distributed in six treatments in a completely randomized design, eight replications of eight birds each.
The experimental diets for laying hens in the laying phase are listed in Table 1 . Composition kg -1 of product: vitamin A -12,000,000 IU, vitamin D 3 -3,600,000 IU, vitamin B 1 -2.5 g; vitamin B 2 -8 g; vitamin B 6 -3 g; pantothenic acid -12 g; biotin -0.2 g; vitamin K -3 g; folic acid -3.5 g; nicotinic acid -40 g; vitamin B 12 -20 mg, Se -0.13 g; 2 Composition kg -1 of product: Mn -160 g, Fe -100 g, Zn -100 g, Cu -20 g; Co -2 g, I -2 g.
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The first treatment (T1) was considered the control diet and contained 17% CP, based on corn and soybean meal, supplemented with DLmethionine, and formulated so as to meet the nutritional requirements of brown-egg laying hens during the egg-laying phase with the levels of all essential amino acids reaching or slightly exceeding the recommendations of digestible amino acids for laying hens (Rostagno et al., 2005) .
The second treatment (T2) was a diet with reduction of 1.5 percentage points of crude protein in relation to the Control Diet, supplemented with synthetic amino acids so as to meet the nutritional requirements of essential amino acids of birds. In the third treatment (T3), the crude protein of the diet was reduced by three percentage points in relation to control diet, and in the same manner, industrial amino acids were included to ensure that the minimum essential amino acid requirements were met.
With reduction of crude protein in the second and third treatments from 17 percentage points to 15.5 and 14%, respectively, the glutamate content, as well as the essential and non-essential amino acid levels also decreased. Thus, the subsequent treatments were supplemented with L-glutamic acid to serve as a non-specific nitrogen source of the diet.
Accordingly, in the fourth treatment (T4), was added the same amount of glutamate of the control diet (2.982%) and crude protein increased to 15.17%, supplemented with 0.341% L-glutamic acid. In the fifth (T5) and sixth (T6) treatments was added1 and 2 percentage points of glutamate in relation to control diet (3.982 and 4.98%), respectively, and the crude protein increased to 15.74 and 16.32%, respectively, supplementing, this way, with 1.35 and 2.36% L-glutamic acid.
The variables evaluated were feed intake (g bird ), and economic evaluation. Feed intake was calculated as the difference between the amount of feed supplied and experimental leftovers, weighed at the beginning and at the end of each 28 day-period. Final weight was determined by weighing all the replicates and dividing the value by the number of birds, at the end of the experiment. Egg production was recorded per period on egg production spreadsheets daily at 15h, by dividing the total number of eggs per replicate by the number of birds.
The eggs of each replicate were weighed individually on the last three days of each 28 dayperiod for calculation of the average egg weight. Egg mass was calculated by the product of egg production and the average egg weight per replicate. Feed conversion per egg mass was calculated as the ratio between feed intake and egg mass produced.
At the end of each period, it was selected four eggs per replicate; two eggs were used for specific gravity and another two eggs were used to determine weight and percentage of yolk, albumen and shell. The percentage was calculated after manual separation of these components, and shells were oven dried at 105ºC for four hours. The percentage of each of the egg components was obtained by dividing the weight of the component by the weight of the egg, and then multiplying the result by 100.
At the end of each experimental period, two eggs per replicate were immersed in different saline solutions with appropriate adjustments to a volume of 25 L of water with densities that ranged from 1.060 to 1.100 with an interval of 0.0025 g cm . Eggs were put in the buckets with the solutions, from the lowest to the highest density, and removed when they floated. The respective density values corresponding to the solutions of the containers were recorded. Haugh unit (HU) was determined by the formula: (HU) = 100 log (H + 7.57 -1.7W 0.37 ), where H = height of the albumen (mm); and W = egg weight (g) (Silversides et al., 1993) .. Albumen height was measured with a special micrometer. Shell thickness was measured with the aid of an analog micrometer accurate to 0.1 mm at three points along the midline of the egg, through which the arithmetic mean was calculated.
Nitrogen consumed, excreted and retained and nitrogen retention efficiency were determined by the method of total excreta collection using iron oxide as a marker. In the third period, feed intake was monitored by weighing the feed supplied, with addition of iron oxide, and leftovers at the end of the period assessed.
During this three day-period, excreta were collected in trays placed below the cages, identified, weighed twice daily (8 and 16h) and stored in a freezer at -20ºC until the end of the experimental period. Subsequently, excreta were homogenized, identified and a sample of approximately 150 g per replicate was placed in aluminum foil food (Silva & Queiroz, 2002) .
The average daily of intake (NI) and excretion (NE) of nitrogen per experimental replicate were calculated by dividing the average daily input and output crude protein (CP), expressed in dry matter at 105ºC, by the factor 6.25. Average daily nitrogen retention (NR) was calculated as the difference between average daily input and output of N: NR=NI -NE. The percentage of nitrogen retention efficiency was calculated by the formula 100 -(NE x 100 NI -1 ) according to the microKjeldahl method.
At the end of the fifth period, birds were weighed for final weight, and two birds with the representative average weight of the replicate were selected for collection of approximately 10 mL of blood by cutting the jugular vein of the birds. The serum obtained after centrifugation of blood was stored at -20ºC for subsequent analysis of uric acid with a commercial kit Labtest S.A. (Lagoa Santa, Minas Gerais State, Brazil), and by reading on a spectrophotometer, according to the instructions of the manufacturer.
The animals in this study sacrificed by cutting the jugular vein were used for further study on morphological analysis of intestine, liver and reproductive tract.
The cost of feed (CF) in the period was calculated by dividing of feed intake (kg ton.
-1 ) by the cost per ton of ingredients. The dozen eggs (DE) was obtained by multiplying the percentage by 140 days of production, dividing by 100, and then by 12. The cost of feed per dozen eggs (CFDE) was obtained by dividing the cost of ingredients by DE. Gross revenue (GR) was calculated by multiplying the cost of an eggs dozen by the amount of dozen eggs produced by treatment. Gross margin (GM) was computed by reducing the GM by the feeding period ($ bird -1 ). The relative gross margin (RGM) was calculated based on 100% for the first treatment, the RGM of the others treatments was calculated using the relationship between the CM of treatment x 100 divided by the previous treatment.
Statistical analyses were performed with the software Statistical Analysis System (SAS, 2004) .
Data were subjected to analysis of variance and comparison of means by the tukey test at 5% probability.
Results and discussion
There were significant differences between treatments for egg production and egg weight. The treatment with 15.17% of CP + 0.341% L-glutamic acid promoted higher egg production than the control diet. However, the control diet had the highest values of egg weight than the other treatments (Table 2) . Means followed by different letters in linesare statistically different by tukey' test at 5% probability (p < 0.05).
Protein must be well balanced and of high quality so that the bird can maximize egg production in an economically feasible way. Egg weight is influenced by dietary protein as it is required to synthesize egg albumen, and a decrease in dietary protein may reduce the amount of albumen, leading to a smaller egg size
In this experiment, we observed that the control diet with the highest crude protein value (17%) resulted in higher egg weight in relation to the others treatments with glutamate. It was expected that supplementation with glutamate in diets with reduced CP would improve the egg weight, based on the greater amount of amino nitrogen available for the synthesis of non-essential amino acids (NEAA), sparing the essential amino acids (EAA) for protein synthesis in the animal organism.
Possibly, the reduction in egg weight has occurred due to the deficiency of some essential amino acids, probably cystine and methionine. At this stage of life, the requirement for feather cover may lead to a greater demand for cystine; in turn, methionine is required to form cystine, occurring the deficiency of two amino acids of great importance for egg weight.
However, protein reduction and supplementation of glutamic acid in the treatment with 15.17% of CP + 0.341% L-glutamic acid promoted higher egg production than the control diet, showing that laying hens of 34-54 weeks of age presents better balance of amino acids in this treatment. Although the use of non-specific nitrogen sources to meet the synthesis of nonessential amino acids cannot be fully efficient for maximum protein utilization by the bird, because some non-essential amino acids are considered essential in some periods of the life cycle of the bird.
There was no significant effect for the variables internal and external quality of eggs assessed in this study (Table 3) . There are no results in the literature with glutamic acid supplemented in diets with protein reduction involving commercial layers. In this experiment, the specific gravity, percentages of shell, yolk, and albumen and haugh unit of eggs of laying hens showed good values in all treatments with glutamic acid. However, the results of treatments supplemented with glutamate were similar to the Control diet.
Average values for three days of feed intake for nitrogen intake, excreted nitrogen, nitrogen retention, retention efficiency of nitrogen and serum uric acid of laying hens (Table 4) .
There was a significant difference between treatments for nitrogen consumed and retained, and serum uric acid of laying hens. The control diet had higher nitrogen intake and retention than the treatments with 14.00% CP (T3) and 15.74% CP + 1.349% L-glutamic acid (T5).
However, the control diet had the highest values of acid uric in the blood compared to the other treatments studied. In sequence, the results of acid uric was higher for the control diet (T1), followed by the treatments with 16.32% CP + 2.356% of L-glutamic acid (T6) and 15.74% CP + 1.349% of L-glutamic acid (T5). The treatments with 15.5% CP (T2) and 14% CP (T3) showed the lowest results for uric acid, but not different from each other and from the treatments with 15.17% CP + 0.341% L-glutamic acid (T4). Pavan et al. (2005) evaluated protein reduction (17, 15.5 and 14% CP) in brown-egg hens and observed that the ingestion of diets with 14% CP, reduced nitrogen excretion by 27% as compared with diets with 17% CP. In the same way, Ishibashi and Yonemochi (2003) studied amino acid requirement and protein reduction on egg production and nitrogen excretion and observed an evident drop in nitrogen excreted when dietary protein was reduced.
In this study, although without no significant effect on nitrogen excretion, it can be observed that, in relation to the control diet with 17% CP, all treatments with protein reduction (15.5, 14, 15.17, 16.32 and 15.74% CP) showed lower excretion of nitrogen (12, 14,7,10, 4%) to the environment, respectively.
Birds excrete nitrogen in small amounts of water by means of uric acid as the main product of nitrogen metabolism, it is 60-80% of nitrogen excreted in the urine, while in other species it is excreted urea. Uric acid is synthesized in the liver and kidneys, approximately 90% are excreted via tubular secretion, irrespective of tubular reabsorption of water.
Uric acid is the main catabolic product of proteins, protein nitrogen and purine in birds. Normal levels of uric acid in young birds may range from 1 to 2 mg dL -1 , while laying birds have levels from 2 to 7 mg dL -1 . According to Kaneko et al. (2008) , in Brown Leghorn hens, the large differences in uric acid rates may be related to age, diet, hydration status of birds and species. Its concentration is elevated when the renal function is impaired, decreasing its elimination through the kidneys. There may be increased levels of uric acid, creatinine, and urea in plasma when the kidneys work at 30% capacity (Schmidt et al., 2007) . Table 4 . Average values for three days of feed intake (FI) about nitrogen intake (NI), nitrogen excreted (NE), nitrogen retention (NR), retention efficiency (RE) and serum uric acid (UA) of laying hens. T1  T2  T3  T4  T5  T6  SEM In this study, it is observed that the control diet (17% CP) had the highest value of uric acid (3.02) compared to other treatments, but within the normal range for laying hens, indicating no kidney problems. However, treatments with 15.5,14, 14, 15% CP showed lower values than normal (1.67, 1.68, 1.94), respectively, due to the low protein in diet that were not sufficiently degraded to meet the requirement of laying hens in production.
Variables
The results of the economic analysis are in accordance with the performance, where the best results were observed in the treatment 4, with 15.17% CP + 0.341% L-glutamic acid (Table 5 ). The treatment with 15.17% of CP and supplementation DL-methionine, L-lysine, Lvaline, L-isoleucine, L-tryptophan and with 0.341% L-glutamic acid for Dekalb Brown hens with 34-54 weeks age proved to be more effective with the addition of essential amino acids and glutamic acid (non-essential amino acid), it was possible a reduction of 1.83 percentage points of crude protein and improved egg production, maintenance in weight, and internal and external quality eggs with lower cost in the production of laying hens with this treatment.
Conclusion
It is recommended the treatment with 15.17% CP + 0.341% L-glutamic acid, as it improved the performance and the economic analysis without changing the quality of egg and amount of nitrogen excreted to the environment.
